Abstract. The Gravity Probe B Relativity Mission was successfully launched on April 20, 2004 from Vandenberg Air Force Base in California, a culmination of 40 years of collaborative development at Stanford University and NASA. The goal of the GP-B experiment is to perform precision tests of two independent predictions of general relativity, the geodetic effect and frame dragging. On-orbit cryogenic operations lasted 17.3 months, exceeding requirements. Analysis of the science data is now in progress with a planned announcement of results scheduled for December 2007.
Introduction
Our present theory of gravity, Einstein's general relativity, is elegant, internally consistent and (so far) in agreement with observation. Yet, despite recent advances, the range of predictions tested and the precision to which experiments have tested the theory remain limited [1] . In addition, general relativity resists quantization, thwarting efforts to include the theory in a unified picture of the forces of nature. Nearly all attempts at unifying gravitation with the Standard Model result in a theory that differs form general relativity, and in particular, include additional vector or scalar couplings that potentially violate the Equivalence Principle [2, 3] .
Space offers the opportunity for new tests of general relativity with improved precision [4] . The use of drag compensation, first demonstrated in flight by the Discos instrument on the Triad mission [5] , to reduce air drag, magnetic torque, and radiation pressure disturbances enables a uniquely quiet environment for experimentation, one not limited by seismic noise. In the following we describe a space based fundamental physics experiment, the Gravity Probe B Relativity Mission.
Gravity Probe B
The GP-B spacecraft was launched from Vandenberg Air Force Base on April 20, 2004 on a Boeing Delta II two-stage rocket. Although the operation plan included a 30 day orbit trim procedure, the initial orbit injection was near perfect and placed the vehicle within 100 meters of its target near the Earth's poles.
The Gravity Probe B Relativity Mission is a space based experiment developed at Stanford University with oversight by the Marshall Space Flight Center and funding from the NASA Office of Space Science. GP-B will test two predictions of general relativity, the geodetic and frame dragging effects, by measuring the precession of gyroscopes in a 642 km high orbit around the earth. The philosophy of the experiment is to reduce disturbances to levels at which general relativistic effects should be manifest without large subtraction of Newtonian drifts.
The relativistic precession of a gyroscope in a circular orbit around the earth is given by:
where R is the position and v the orbital velocity of the gyroscope, I, M , and ω are the moment of inertia, mass and angular velocity of the earth, and G is the gravitational constant. For generality we include the PPN parameters γ and α 1 ; in general relativity γ = 1 and α 1 = 0. The first term describes the geodetic precession, which arises from the curvature of spacetime due to the mass of the earth. General Relativity predicts that the spin direction of the gyroscope will change at the rate of 6.606 arcsec per year for a 642 km high, polar orbit. The second term, frame dragging or Lense-Thirring effect, represents the precession due to the dragging of the inertial frame by the rotation of the earth. General Relativity predicts the rate of procession of a Gravity Probe B gyroscope to be 0.039 arc sec per year (39 marcsec/yr). A polar orbit is chosen so the two precessions are orthogonal and can therefore be distinguished. Figure 1 depicts the direction of the two precessions.
Experimental System Overview
The small size of the relativity precessions requires that the experiment system have extreme measurement precision and that all sources of error be controlled. In order to achieve this requirement the experiment exploits the advantages of a near zero-g orbit in space and a near zero temperature in the experimental probe [6] . The experimental module consists of a helium dewar, which holds 2500 liters of superfluid helium, surrounding the experimental probe containing four gyroscopes, a quartz block, and a star tracking telescope. The dewar was designed to have an on-orbit helium lifetime of greater than 16.5 months. Actual on-orbit lifetime was 17.3 months. During the experiment, the helium is maintained at a temperature of 1.8 K by means of a porous plug venting system and the boil off
